Objective: Uric acid (UA) is considered to be a powerful predictor of cardiovascular risk and hyperuricemia might be involved in the metabolic syndrome (MS). This study aims to investigate the relation between UA levels and aortic root dilatation. Methods: A total of 348 hypertensive patients [age (67.5±9.8) years] with or without MS were included in the study. The aortic root diameters at the aortic annulus, the sinuses of Valsalva, the sinotubular junction, and the proximal part of the ascending aorta were measured using a two-dimensional (2D) echocardiography. Serum UA levels were also measured for all patients. Results: A high UA level is independently associated with aortic root diameters at the sinuses of Valsalva (P=0.001) and the proximal ascending aorta (P<0.0001) in the hypertensive patients without MS. In contrast, aortic root diameters were not significantly related to UA levels in the hypertensive patients with MS. Furthermore, increased UA levels were associated with an increased risk for aortic root dilatation in the patients without MS (sex-adjusted hazard ratio 1.75, 95% confidence intervals (CI) 1.27-2.41), but not in those with MS. Conclusions: This study demonstrated an independent relationship between the aortic root dimensions and increased levels of serum UA in the hypertensive patients without MS. Further understanding of the mechanisms underlying these associations may allow a clearer interpretation of the potential value of specific urate-lowering treatment on cardiovascular disease.
Introduction
Aortic root dilatation is frequently associated with aortic valve regurgitation, aneurysm, and dissection of the thoracic aorta (Roman et al., 1987; Eisenberg et al., 1993) . A recent study showed that aortic root dimension was also predictive of incident congestive heart failure, stroke, cardiovascular disease mortality, and all-cause mortality (Gardin et al., 2006) . Furthermore, aortic root dilatation has been observed more frequently in hypertensive than in normotensive individuals and was reported to be correlated with cardiac and extracardiac target organ damage in hypertensive patients (Kim et al., 1996; Cuspidi et al., 2006) .
Uric acid (urate, UA), the final oxidation product of purine catabolism in humans, is considered to be a powerful predictor of cardiovascular risk and poor outcome, although the underlying machanisms remain unclear (Hjortnaes et al., 2007; Sui et al., 2008) . Hypertensive patients with hyperuricemia have a 3-5-fold increased risk of coronary or cerebrovascular disease compared to hypertensive patients with normal UA levels (Verdecchia et al., 2000) . It has also been hypothesized that hyperuricemia might be involved in the metabolic syndrome (MS) (Hjortnaes et al., 2007) .
To date, little information is available on the relationship between UA levels and aortic root dilatation. The purpose of this study was to determine the relationship between UA levels and aortic root dilatation in hypertensive patients. We also evaluated whether this relationship was dependent or not on the presence of the MS.
Patients and methods

Study population
The study population consisted of 348 consecutive hypertensive patients admitted for cardiovascular risk factor control or cardiovascular disease screening (Coats, 2009) . The age of the enrolled subjects ranged from 43 to 97 years with a mean age of (67.5±9.80) years.
Diagnosis of MS was made according to the modified Asian criteria of the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP-III) (Tan et al., 2004) . Hyperuricemia was defined as serum UA concentration >7.0 mg/dl in men or >6.0 mg/dl in women (Sui et al., 2008) . Exclusion criteria for study subjects included secondary causes of hypertension, connective tissue disease, cardiomyopathy, congestive heart failure, congenital heart disease, active cancer, infective endocarditis, syphilitic aortitis, rheumatic heart disease, and documented coronary artery disease. Subjects with significant abnormalities including aortic stenosis, bicuspid aortic valve, other valvular abnormality, and wall motion abnormality on echocardiographic evaluation were also excluded. Patients defined as smokers were those who had been smoking at least 10 cigarettes per day for at least five years. Heavy drinking was defined as average alcohol consumption ≥30 g/d.
Ultrasound evaluation
All participants underwent two-dimensional (2D) mode and Doppler echocardiographies performed by an experienced research echocardiographer using a Vivid 7 digital ultrasound system (GE Vingmed Ultrasound, Horten, Norway). The dimensions of the aortic roots and ascending aorta were evaluated by 2D echocardiography. Aortic root dimension was assessed at end-diastole in the parasternal long axis view at the four levels using previously described techniques (Kim et al., 1996) : (1) aortic annulus, (2) maximal diameter of the sinuses of Valsalva, (3) supra-aortic ridge (sinotubular junction), and (4) maximal diameter of the proximal ascending aorta. Measurements were taken on up to four separate cycles and averaged. The largest diameter of all measurements was accepted as the aortic root dilatation. The reproducibility of the aortic root dimension measurements was evaluated in 35 patients within two weeks of the first echocardiography examination. The correlation coefficient for aortic root diameters was 0.95-0.98. The aorta root was defined as dilated when its diameter was measured ≥ 38 mm (Karakaya et al., 2006) .
Laboratory studies
At the time of enrolment, non-fasting plasma glucose concentrations were measured for all the participants of the study. Antecubital venous blood samples were collected from all subjects after fasting overnight. Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), UA, creatinine, and fasting glucose concentrations were performed by commercially available standardized methods. Oral glucose tolerance tests were performed as described by the World Health Organization (WHO), using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water (Tan et al., 2004) .
Data analysis and statistical methods
An SPSS 11.5 software package was used for statistical analysis. Data were expressed as mean± standard deviation (SD) for continuous variables and as percentages for discrete variables. Differences between groups were assessed using analysis of variance (ANOVA) test for continuous variables and chi-square test for categorical variables. The strength of the relationship of each aortic root measurement with gender, age, body size, UA, and other clinical variables was evaluated by the Pearson's correlation coefficient and linear regression. Multiple linear regression was used to evaluate the influence of UA on aortic root dimensions. Logistic regression was used to investigate potential independent risk factors for aortic root dilatation. P<0.05 was considered for statistical significance.
Results
Basic characteristics of the study population
Clinical characteristics of the 348 subjects are presented according to tertiles of serum UA levels in Table 1 
Correlation of uric acid and aortic root dimensions in patients with and without metabolic syndrome
Aortic root diameters at all levels were significantly related to sex and body surface area (BSA) (P<0.05, Table A1 ). As indicated in Table 2 , no significant correlations between UA levels and aortic root diameters were found in the patients with MS. In contrast, bivariate correlation analysis showed that UA levels correlated significantly (P<0.0001) with the measured mean values at each site of the aortic root in the hypertensive patients without MS (P<0.05). The correlations of UA and the diameters at the sinuses of Valsalva and the ascending aorta still achieved statistical significance when adjusted for age, gender, and BSA (P<0.01). Age, gender, and BSA adjusted mean diameter according to UA tertiles was shown in Fig. 1 .
After further analysis of the relationship between aortic root diameters and other variables (including blood pressure, lipid levels, creatinine, smoking, heavy drinking, antihypertensive therapy, and diabetes mellitus) in non-MS patients (Table A2) , only diastolic blood pressure (DBP) was found to be significantly related with the diameter at the sinuses of Valsalva (P<0.05), and heavy drinking with the diameters at the supra-aortic ridge and ascending aorta (P<0.05). In multiple regression analysis with age, sex, BSA, DBP, and heavy drinking entered as variables, UA remains the independent predictor of the diameters at the sinuses of Valsalva (coefficient (β): 0.538, standard error (SE): 0.160, P=0.001) and (Table A3) , aortic root diameters were associated with blood pressure at each level except for the diameter of the aortic annulus. Furthermore, the dimension of the ascending aorta was negatively associated with TC and LDL-C, and positively associated with heavy drinking, independent of age, sex, and height (the anthropometric variable resulting in the best model) (P<0.05).
Frequency of aortic root dilatation in the study population
Aortic root dilatation was more prevalent in the patients without MS (24 of 154, 15.6%) than in the patients with MS (12 of 194, 6.2%) (P=0.004). Increased UA concentrations were associated with the risk for aortic root dilatation in patients without the MS (sex-adjusted hazard ratio 1.75, 95% confidence intervals (CI) 1.27-2.41). In contrast, there was no significant association between UA levels and aortic root dilatation in the patients with the MS (P=0.996).
Although hyperuricemia was more prevalent in the patients with MS than in the patients without MS, among these hyperuricemia subjects, the aortic root was more frequently enlarged in non-MS patients (8 of 18, 44.5%) than in MS patients (2 of 38, 5.26%) (P<0.0001).
Discussion
In the present study, we show that a high UA level is independently associated with aortic root diameters at the sinuses of Valsalva and the proximal ascending aorta in hypertensive subjects without MS. In contrast, aortic root diameters at all levels were not significantly related with UA levels in those with MS. Furthermore, increased UA concentrations were associated with an increased risk for aortic root dilatation in hypertensive patients without MS, but not in those with MS.
It has been shown that modest elevations of serum UA can produce subtle glomerulotubular damage that, in turn, activates the renin-angiotensin system (RAS), which could be reversed by removal of the hyperuricemic stimulus. Hyperuricemia has also been shown to produce renovascular constriction and to correlate with activity of the RAS (Saito et al., 1978; Sanchez-Lozada et al., 2002; Johnson et al., 2003) .
On the other hand, there is increasing evidence from in vitro studies that local production of angiotension II may contribute to the development of aortic aneurysm pathologies. Results obtained from pharmaceutical intervention in humans and animals of these systems strongly support this hypothesis (Habashi et al., 2006; Lu et al., 2008) . Therefore, the activation of the RAS by the elevation of serum UA could be a possible mechanism through which UA might be responsible for aortic root enlargement. Further study of the role of UA in aortic root dilatation development is needed. UA has been demonstrated to be a strong and independent predictor of incident MS (Verdecchia et al., 2000; Hjortnaes et al., 2007) . Our study documents that increased levels of UA are associated with aortic root dilatation risk in non-MS patients, in contrast to patients with MS in whom elevated UA is not associated with an increased risk for aortic root enlargement. Among those hyperuricemia subjects, the aortic root was more frequently enlarged in non-MS patients than in MS patients. Interestingly, it was recently reported by Hjortnaes et al. (2007) that elevated serum UA levels are not an independent risk factor for vascular disease in patients with the MS. In patients with the MS, elevated serum UA levels were associated with increased risk for vascular disease including abdominal aortic aneurysm. Similarly, Ishizaka et al. (2005) also showed UA levels are associated with carotid plaque independently of other atherogenic risk factors in men without MS or in women in general. These findings might be explained by UA being a vascular risk factor already accounted for by the presence of other risk factors clustering in the MS. Although hyperuricemia is well recognized as a risk factor for cardiovascular diseases such as coronary artery disease and stroke, the independence of this association from other confounding factors remains controversial (Verdecchia et al., 2000; Hjortnaes et al., 2007; Sui et al., 2008) .
Our results should be interpreted in light of the limitation that the study population consisted exclusively of Chinese subjects; as a result, it is uncertain whether these findings are generalizable in other ethnic groups. On the other hand, there is no common definition for aortic root dilatation (Roman et al., 1989; Cuspidi et al., 2007) . Therefore, the cutoff point (≥38 mm) in the present study might be arbitrary. Yet, the statistical results for the association of UA levels and aortic root dilatation of our study did not change when the other standards for aortic root enlargement were used.
In conclusion, this is the first study in hypertensive patients without MS that has demonstrated an independent relationship between the aortic root dimensions and increased levels of serum UA. The lack of association between serum UA and aortic root dimensions in patients with MS could indicate that the observed association between UA and aortic root dimensions may be attributed to MS-dependent and -independent mechanisms. Further understanding of the mechanisms underlying these associations may allow a clearer interpretation of the potential value of specific urate-lowering treatment on cardiovascular disease. 
